ABSTRACT
INTRODUCTION

24
Scalp-recorded electroencephalography (EEG) provides a non-invasive means of investigating 25 cortical activity with high temporal resolution. This makes it particularly suited for studying neural 
35
In contrast to the emphasis on lower-frequency bands in EEG speech research, studies that 36 employ electrocorticography (ECoG) often look at signals in the high gamma range (~70-150 Hz).
37
High gamma ECoG has also been shown to track the speech envelope (Pasley et frequency range and ignore the data at lower frequencies. Meanwhile, the high frequency content 42 of scalp-recorded EEG is typically disregarded because it is low pass filtered by the skull 43 (Pfurtscheller and Cooper 1975) and smeared by the dura and cerebrospinal fluid (Light et al. 44 2010), thus resulting in a low signal-to-noise ratio. Nevertheless, we questioned whether there is 45 still useful stimulus-related information dissociable from low frequency data that could be 46 retrieved from high gamma EEG. If so, high gamma EEG could serve as a useful measure for 47 studying speech and language processing in various populations.
48
In this study, we first investigated the encoding of the temporal speech envelope in HGP
49
EEG. EEG data were recorded as subjects listened to continuous natural speech, and we mapped 50 the EEG (filtered into LF, HGP, and both signals combined) to the temporal speech envelope using 51 linear regression. In a second data set, we investigated whether the inclusion of HGP can improve . We compared how well attentional selection can 58 be decoded from EEG when using LF, HGP, and a combination of the two. In doing so, we found 59 that for a minority of subjects, the speech envelope and attention are reflected in HGP EEG in a 60 way that is complementary to the information available in LF EEG.
61
MATERIALS AND METHODS
62
Subjects
63
Two experimental paradigms were explored in the present study using data from three previously 64 published studies. The first paradigm involved subjects listening to a single speaker and the second 65 involved subjects attending to one of two concurrently presented speakers. edges that remained in the envelope. Finally, all data were down-sampled to 128 Hz.
104
Data analysis
105
Our analyses for both experiments were based on assessing how strongly the speech signal was ( Figure 1A ) was computed by the following operation:
where R is the lagged time series, T, of the EEG data, λ is the regularization parameter, I is the 120 identity matrix, and s is the speech envelope.
121
Model performance was assessed according to the accuracy in which the speech envelope 122 could be reconstructed using leave-one-out cross-validation. This regression allowed for an 123 optimal regularization parameter to be chosen without overfitting to the training data. The Figure 2A) . Thus, on a group level, HGP EEG seemed to 163 provide very little additional information regarding the speech envelope.
164
Since recorded brain activity may vary across individuals due to anatomical differences,
165
we wanted to examine how the LF and HGP decoders performed on a single-subject level. When 166 tested against chance, LF and HGP were significant for all subjects (p ≤ 0.001, permutation test).
167
As expected, the LF decoder worked best for most participants (N = 11, p ≤ 0.001; subject 3, p = 168 0.0479; subject 12, p = 0.0036; Figure 2B ) as shown by the Wilcoxon Signed Rank tests.
169 Surprisingly, there was no difference in reconstruction accuracy for subjects 2, 7, and 11 (p = 170 0.1943, 0.1072, 0.4115), and the HGP decoder worked better for subject 10 (p = 1.6286e-04).
171
Though uncommon in EEG studies, HGP was able to track the speech envelope comparably or 172 better than LF in some of our subjects. notion that the HGP TRFs we see in these subjects is capturing real responses to our speech stimuli.
208
HGP also improves the decoding of auditory attention in some subjects 209 It has previously been shown that the LF envelope tracking response is modulated by attention 
212
Given our finding that HGP contains informative temporal envelope information for a subset of 213 subjects, we tested whether this signal is similarly modulated by attention and if it could be 214 exploited to improve our ability to decode attention in multi-speaker situations. This was tested on 215 a separate group of subjects (N = 14) from those used in the single speaker paradigm. than LF+HGP on average (84.64% vs 83.57%), but this difference was not significant (p = 0.9382).
224
We also examined how well we were able to decode auditory attention for individual 225 subjects and found four whose decoding improved with HGP or LF+HGP EEG signals using 226 permutation tests. Figure 5B shows the decoders that were able to track the temporal dynamics of 227 the attended speaker significantly better than chance (p ≤ 0.05). Subjects 2, 3 and 10 reliably 228 tracked the attended speaker's speech envelope best using LF+HGP EEG signals (95%, 100%, and 229 70% respectively), whereas subject 11 reliably tracked the attended speaker best using HGP EEG 230 (70%). Interestingly, subject 10's LF and HGP signals alone did not decode attention above chance 231 but combining the two significantly improved decoding performance (p = 0.0182).
232
DISCUSSION
233
Our present research investigated the extent to which the speech envelope and attentional selection EEG, as shown by a minority of our subjects.
241
Previous studies using EEG techniques to study gamma band activity in the human auditory 
265
The TRF weightings of subjects in whom we were able to detect high gamma 
277
Indeed, the broadly similar timing of our LF and HGP TRFs (Figure 4 ) might support that notion.
278
The abovementioned ECoG work, however, ultimately supports the idea of different generators.
279
Gamma activity assessed through non-invasive means has been shown to play a role in a 
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